Rationale Relapse to smoking is often precipitated by stress, yet little is known about the effects of nicotine withdrawal on responses to acute stress, or whether nicotine replacement reverses withdrawal-induced changes in stress response. Objectives The aim of the present study is to use an effective social stressor, the Trier Social Stress Test (TSST), to study subjective, cardiovascular and hormonal responses to stress during withdrawal, and examine whether nicotine replacement moderates responses to stress during withdrawal. Methods Forty-nine current regular smokers were randomly assigned to smoke as normal (SM), 12-h abstention with placebo patch (PL), or 12-h abstention with nicotine patch (NIC). They participated in a single session using the TSST, during which subjective affect, heart rate (HR), mean arterial blood pressure (MAP) and salivary cortisol were measured. Results The TSST produced expected increases in subjective negative affect, HR, MAP, and cortisol. Groups did not differ in subjective or cardiovascular responses, but the PL group exhibited larger stress-induced increase in cortisol than the other groups. Conclusions The increased cortisol response might indicate a greater hormonal stress response during nicotine withdrawal. Alternatively, considering that cortisol also provides negative feedback to the stress system, and blunted cortisol responses are predictive of smoking relapse, the lower cortisol responses in the NIC and SM groups might indicate chronic dysregulation of the stress system. In this case, restoration of cortisol response by nicotine treatment to the lower levels seen during regular smoking may actually represent an undesired side effect of nicotine replacement.
Introduction
Stress plays an important role in smoking and relapse to smoking. External stressors are important triggers of relapse (Shiffman et al. 1996) , and nicotine withdrawal itself produces a "stress-like state" of negative affect (Hughes 2007) . There is evidence that smoking withdrawal may influence responses to acute stress, which may add to the difficulty of remaining abstinent. Moreover, prolonged use of nicotine produces neuroadaptations in stress systems (Sinha 2001 ) that may leave smokers vulnerable to stress during abstinence. However, little is known about how nicotine withdrawal influences responses to stress during early abstinence, when risk for relapse is high. The available literature is inconclusive, suggesting that withdrawal may either increase or decrease responses to stress (as part of a more general blunting of emotional response). Even less is known about whether available treatments, such as nicotine replacement, moderate responses to acute stress during withdrawal. Thus, the present study investigates how smoking withdrawal influences reactions to a potent social stressor, and whether this effect is modulated by nicotine replacement.
Acute stress produces a multitude of subjective, physiological, and endocrine changes. Subjective responses include increased negative affect (NA) and decreased positive affect (PA) (Stone 1995) . Physiological effects include activation of the sympathetic/adrenomedullary (SAM) system and a cascade of responses in the hypothalamic-pituitary-adrenocortical (HPA) axis (Gunnar and Quevedo 2007) . In the SAM system, acute stress causes the adrenal medulla to secrete epinephrine and norepinephrine, which increases heart rate, blood pressure, and levels of free glucose (Gunnar and Quevedo 2007) . In the HPA axis, acute stress causes secretion of corticotrophinreleasing hormone (CRH) from the hypothalamus, which stimulates adrenocorticotropic hormone (ACTH) release from the pituitary, which, in turn, leads to release of glucocorticoids (primarily cortisol in humans) by the adrenal cortex. Cortisol, the primary stress-related hormone, affects gene transcription, initiating changes that unfold minutes to hours after the stressor (Gunnar and Quevedo 2007) . Thus, acute stress acts on many physiological systems, some of which overlap with systems involved in nicotine dependence and withdrawal (al'Absi 2006) .
It is reasonable to suppose that nicotine withdrawal, which is itself stressful, will increase responses to stress. However, there is also a reason to believe that responses to stress may be decreased during nicotine abstinence, consistent with dampened responses to other emotional events. Thus, on the one hand, abstinent smokers may experience external stressors as more potent, because their coping resources are depleted by the "stress-like" state of withdrawal (Baker et al. 2004) , or because of neural changes resulting from prolonged exposure to nicotine (Sinha 2001) . A heightened response to stress during withdrawal would be particularly problematic for smokers attempting to quit, since coping with negative emotions is frequently cited as a reason for smoking (Copeland et al. 1995) . On the other hand, there is also evidence that nicotine abstinence may actually reduce responses to stress. In laboratory animals and humans, exposure to nicotine enhances physiological and hormonal responses to stress and other emotional stimuli (Chaudhri et al. 2006; Chen et al. 2008; Perkins et al. 1986; Pomerleau and Pomerleau 1990) , and conversely, there is some evidence that responses to both positive and negative emotional stimuli are dampened during withdrawal (Dawkins et al. 2007; Dawkins et al. 2009; Semba et al. 2004) . Indeed, there is convincing preclinical evidence that nicotine acts as a "salience enhancer", that is, that it increases reactivity to environmental stimuli (Caggiula et al. 2002; Chaudhri et al. 2006) . By the same process, it might enhance reactivity to a stressor. Consistent with this, laboratory animals exhibit dampened HPA axis reactions to an "uncontrollable" restraint stressor during withdrawal (Semba et al. 2004) . Interestingly, dampened responses to stress during withdrawal are blocked by bupropion, a drug that effectively reduces smoking (Kotlyar et al. 2006) . Thus, perhaps it is not enhanced stress responses, but rather blunted responses to stress (and other emotional stimuli) that are important targets for smoking-cessation aids. Thus, there is evidence that stress response may either be enhanced, or reduced, during acute withdrawal.
Several laboratory studies with humans have examined acute stress responses during withdrawal, with mixed results (al'Absi et al. 2002; al'Absi et al. 2003; Attwood et al. 2008; Girdler et al. 1997; Robinson and Cinciripini 2006; Tsuda et al. 1996; VanderKaay and Patterson 2006; Vujanovic and Zvolensky 2009 ). These mixed findings may stem from differences in the types of stressors used, which have included cognitive, physical, and social interventions. Studies using "cognitive" stressors (e.g., difficult math or progressive matrices) have generally found cardiovascular and subjective stress responses to be enhanced during withdrawal (al'Absi et al. 2002; Tsuda et al. 1996 ; VanderKaay and Patterson 2006 but c.f. Girdler et al. 1997; Robinson and Cinciripini 2006) , and that nicotine replacement ameliorates this enhanced stress response (VanderKaay and Patterson 2006) . However, cognitive stressors typically have only mild emotional effects, and may depend on performance ability, which may be impaired during withdrawal (Dickerson and Kemeny 2004) . Studies using "physical" stressors, including the cold pressor (in which participants hold their hands in ice water), and carbon dioxide (CO 2 ) inhalation (a model of anxiety; van Duinen et al. 2005 ) have produced both decreases (VanderKaay and Patterson 2006) and increases (Attwood et al. 2008; Vujanovic and Zvolensky 2009) in stress responses. However, the cold pressor does not reliably increase cortisol levels (McRae et al. 2006) , and in at least one study, CO 2 inhalation reduced withdrawal symptoms, which could also have reduced stress responses (Attwood et al. 2008 ). Thus, findings using "cognitive" and "physical" stressors during nicotine withdrawal have been inconsistent, perhaps because of variations in the effectiveness of the stress induction procedures.
The procedures that most effectively activate both the SAM and HPA systems (Dickerson and Kemeny 2004) are "social" stressors, especially those with multiple methods of social evaluation (e.g., videotaping and a live audience) and an element of uncontrollability (Dickerson and Kemeny 2004) . One such social stressor is Trier Social Stress Test (TSST; Kirschbaum et al. 1993a) , during which participants deliver a 5-min speech and perform difficult mental arithmetic in front of a video camera and an audience trained to be unaffirming. Although the TSST itself has not been tested during withdrawal, studies have investigated stress responses during withdrawal using somewhat similar speech tasks (al'Absi et al. 2003; Girdler et al. 1997) . For example, al 'Absi et al. (2003) found that withdrawal did not affect responses to a speech delivered in front of a video camera. However, this modified task may not have been as effective as the standard TSST, since it did not increase cortisol levels in smokers compared to a control task. The TSST reliably increases cortisol levels compared to baseline, even in cigarette smokers who typically have a blunted cortisol response to stress (Buchmann et al. 2010; Kirschbaum et al. 1993b ). This suggests the TSST may be superior to previously used speech tasks, especially when studying smokers whose cortisol responses are blunted. Until now, the TSST has not been tested during acute withdrawal from smoking.
Here, we examined the effects of withdrawal on stress response using the TSST. The TSST has advantages over previously used tasks, in that it does not depend on the participants' cognitive performance and assures an emotional component by providing negative feedback regardless of the subject's performance. Thus, the task effectively engages both the SAM and HPA axis. We hypothesize that when this highly effective stressor is used, acute abstinence from smoking will reduce responses to stress. We further predict that this dampened response to stress will be reversed by administration of transdermal nicotine.
Methods

Participants
Participants were current regular smokers (N=49; 39 males; minimum 10 cigarettes per day) ages 18 to 42. They were recruited using flyers and online advertisements and screened by physical examination, electrocardiogram, modified Structured Clinical Interview for DSM-IV, and health and drug history. Other inclusion criteria were: body mass index between 18 and 35, no serious medical conditions or contraindications to administration of nicotine, no past year DSM-IV Axis I disorder (aside from nicotine dependence), and at least high school education, to ensure comprehension of questionnaires. Participants were recruited without regard to race or ethnicity. All participants gave informed consent, and the University of Chicago Institutional Review Board approved all procedures. Qualifying participants attended an orientation, at which they practiced questionnaires and tasks and completed the Beck Depression Inventory (BDI) and Fagerstrom Test for Nicotine Dependence (FTND).
Design
Participants were randomly assigned to three groups: smoke as normal (SM; n=16), 12-h abstention with placebo patch (PL; n=17), or 12-h abstention with nicotine patch (NIC; n= 16). They participated in a single session using the TSST.
Abstinence and nicotine manipulations
Abstinence from nicotine in the PL and NIC groups was verified with exhaled carbon monoxide (CO) readings on a piCO+ Smokerlyzer (Bedfont, Rochester, UK) of <10 ppm at the start of the experimental session. Individuals in the NIC group received transdermal patches designed to deliver individually determined doses of nicotine (10.5, 14, 17.5, or 21 mg; Nicoderm CQ, GlaxoSmithKline, Pittsburgh, PA, USA). Doses were based on the subjects' habitual smoking level (i.e., cigarettes per day and orientation CO). The average dose was 14.5 mg/24 h (SD=2.82). The PL group received patches consisting of a gauze pad with a small amount of capsaicin. Patches were prepared and applied by an experimenter who did not conduct any other procedures, and were covered with athletic wrap to preserve double-blindness.
An effort was made to match plasma levels of nicotine at the time of the TSST in the NIC and SM groups. Thus, subjects in the SM group smoked a single cigarette at 9:30 a.m., at the same time when patches were applied to the NIC group, 130 min prior to the TSST. Plasma levels of nicotine rise after Nicoderm patch placement to a steady peak concentration 2-4 h after application (Gorsline 1993; Gupta et al. 1995) , whereas cigarettes produce an immediate spike in plasma nicotine that asymptotically declines. Based on available information, we projected that nicotine plasma concentrations in the smoking and nicotine patch conditions would be roughly equivalent at the start of the stress procedure (Henningfield 1995) .
Measures
We measured three main aspects of the stress response: selfreport measures, SAM indices (HR and blood pressure), and HPA reactivity (salivary cortisol).
Subjective Subjects reported on their mood states using the Positive and Negative Affect Scale (PANAS; Watson et al. 1988) . NA and PA were assessed before patch administration or smoking (time 0), time 1 (1 h after smoking/patch), time 2 (before stress), time 5 (after stress), and times 6-10 (every 10 min during the 50-min "recovery" period). Participants also reported withdrawal symptoms at time 2 (before stress) using the Minnesota Nicotine Withdrawal Scale (MNWS; Hughes 1992) , which asked about DSM-IV symptoms of nicotine withdrawal over the last 18 h. Cardiovascular HR was measured continuously by a MiniLogger monitor with chest band (Mini Mitter, Bend, OR, USA), which produced an estimate of beats per minute (BPM) for each minute. Ten-minute averages of HR were taken at baseline, time 1 (1 h after smoking/patch), time 2 (before stress), times 3-4 (during stress), time 5 (after stress), and times 6-10 (during the 50-min recovery period). BP was measured using a LifeSource portable blood pressure cuff (A&D Company, Tokyo, Japan) at baseline, time 1 (1 h after smoking/patch), time 2 (before stress), time 5 (after stress), and time 6 (first recovery time point).
Hormonal Salivary cortisol was obtained using Salivettes (Sarstedt AG, Numbrecht, Germany) at baseline, time 1 (1 h after smoking/patch), time 2 (before stress), time 5 (after stress), and times 6-10 (every 10 min during recovery). Samples were stored in a −80 freezer and then assayed using the Salimetrics HS-Cortisol kit (sensitivity, 0.003 μg/dL).
Procedure
Participants arrived for individually run sessions at 9:00 a. m. They were instructed to refrain from alcohol for 24 h and other illicit drugs for 48 h prior to sessions, which was verified using breath alcohol (Alcosensor III, Intoximeters Inc., St. Louis, MO, USA) and urine drug testing (ToxCup, Branan Medical Corportation, Irvine, CA, USA). Women not on hormonal birth control were scheduled during the follicular phase, while women taking hormonal birth control were scheduled any time during active pill use. Women were tested for pregnancy before the session (AimStrip, Germaine Laboratories, San Antonio, TX, USA). After drug and pregnancy testing, participants completed baseline measures (See above or below). At 9:30 a.m., the patch was placed (NIC and PL groups), or subjects in the SM group smoked a single cigarette. Participants relaxed for 2 h, completing measurements at 10:30 and 11:30 (times 1 and 2). At 11:40 (time 3), participants were given TSST instructions per Kirschbaum et al. (1993a) and allowed a ten-minute preparation period. At 11:50 (time 4), they were escorted into the adjacent stress room. Two confederates, whom they had not previously encountered, acted as interviewers, and participants were able to see themselves on a video monitor for the duration of the task. Participants completed a 5-min speech, and 5 min of mental arithmetic (serial subtraction). Confederates maintained a cold demeanor throughout the task, with specific interruptions/prompts as in Kirschbaum et al. (1993b) . Immediately after the task (at 12:00), participants were brought back to the study room and completed time 5 measurements. After this, participants completed measurements at 10-min intervals (times 6-10) until 12:50, at which time they were debriefed.
Data analysis strategy
The analysis addressed several questions. A regression approach to ANOVA with planned comparisons was used (Judd et al. 2009 ), using two different sets of orthogonal contrasts, depending on the phase of the analysis. First, we examined the groups at baseline on the day of the stress session to answer two questions: (1) Did the SM group differ from the two abstaining groups (NIC and PL) at baseline on the day of the session? (2) Did the two abstaining groups differ before administration of the patch? We contrasted the SM group with NIC and PL groups ("Abstaining" contrast), to examine effects of overnight withdrawal. We also contrasted the two abstaining groups to look for any differences that might indicate failure of randomization ("Randomization" contrast). These, together formed the "Baseline" set of contrasts. Then we examined responses to administration of nicotine (the "Treatment" set of contrasts) to answer two questions: (1) Did the responses of participants with recent nicotine exposure (SM and NIC) differ from those in overnight withdrawal (PL)? (2) Did the method of nicotine delivery (smoking vs. patch) affect responses to stress? Thus, for time points after administration of nicotine or placebo, we contrasted the combined SM and NIC groups with the PL group to capture our primary hypothesis ("Nicotine" contrast). We also contrasted the SM vs. NIC group to evaluate effects of method of nicotine delivery (the "Delivery" contrast). To reduce multiple comparisons over a large number of time points, change scores were constructed over key events: administration, stress, and recovery. The "Administration" period was the difference between baseline and time 1 (1 h after patch or smoking). The "Stress" period was the difference between time 2 and 5 (or between time 2 and area under the curve for times 3-5 for HR). Finally, the "Recovery" period consisted of time 5 relative to the area under the curve for times 6-10 (or the difference between times 5 and 6 for BP). Differences at baseline, immediately before stress (time 2), and at the outset of recovery (time 5) were included as covariates in the change score analyses if necessary (Jin 1992) .
Results
Demographic, substance use, and smoking variables by group (Table 1) The three groups did not differ on any of the variables tested (one-way ANOVA and chi-square tests; Table 1 ).
Compliance
Six participants in the PL group and one in the NIC group exceeded the predetermined breath CO level (CO at all greater than 10 ppm) but were retained in the study because their CO was lower than their orientation session. All analyses were run with and without these individuals, and exclusion of these individuals from the analysis did not affect results, with one exception reported later in the text. CO differences between abstaining and non-abstaining groups at baseline were highly significant, B=−10.81, t (1, 48)=−5.10, p<0.001, but there were not significant differences between the NIC and PL groups, even with the possibly non-compliant individuals included, B=−3.38, t (1, 48)=−1.39, p=0.17.
Self-report
Negative affect The groups did not differ at baseline in selfreported NA (see Fig. 1 ), and the groups also did not differ after administration of nicotine before the stress. Overall NA declined during the administration period, B=−1.50, t (1, 48)=−3.51, p=0.001. The groups did not differ over the TSST, although NA increased markedly during the TSST, B=7.73, t (1, 48)=9.91, p<0.001. One participant in the nicotine group was omitted from recovery analyses due to missing data. The groups did not differ at the outset of the recovery period (time 5), and over recovery, although there were significant overall decreases in NA from peak stress during recovery (seen as a negative area under the curve), B=−239.58, t (1, 47)=−8.36, p<0.001.
Positive affect Although the abstaining groups and the SM group did not differ in PA at baseline, there was an unexpected significant difference between the NIC and PL groups, with the PL group reporting lower PA at baseline, B=6.25, t (1, 48)= 2.17, p=0.04 (see Fig. 1 ). Baseline PA was thus entered as a covariate in the analysis of change over administration. PA did not significantly change over administration. By time 2, immediately before stress, there were no significant differences between the groups on PA, and PA also did not change over stress or recovery in any of the groups.
Withdrawal When the possibly non-compliant individuals were included, the groups did not differ on the MNWS, which was administered at time 2, immediately before stress. With the possibly non-compliant individuals excluded, the PL group reported more withdrawal symptoms than the nicotine exposed groups, B=4.72, t (1, 41)=2.37, p=0.02. 
Cardiovascular
Heart rate Data for three individuals (two in PL and one in the NIC group) were lost due to MiniLogger malfunctions. At baseline, the abstaining groups had lower HR than the SM group, an effect typical of withdrawal (al'Absi et al. 2003; VanderKaay and Patterson 2006) , B=−13.15, t (1, 45)= −4.52, p<0.001 (see Fig. 1 ). The abstaining NIC and PL groups did not differ at baseline. Baseline HR was entered as a covariate in analyses of the administration period. Over administration, HR increased in the NIC group, bringing their HR up to the higher level of the SM group, while the PL group remained low, relative to the other groups (nicotine and delivery contrasts, B=−4.78, t (1, 45)=3.23, p=0.02 and B=7.85, t (1, 45)=3.23, p=0.002, respectively). Examining  Fig. 2 , this pattern persisted at time 2 (before stress), such that the nicotine-exposed groups had higher HR than the PL group, B=−8.47, t (1, 45)=−3.48, p=0.003, whereas the SM and NIC group did not differ. Given this, time 2 HR was entered as a covariate in the stress analysis. Examining change over the TSST, HR increased over time regardless of group (seen as a positive area under the curve), B= 179.77, t (1, 45)=6.74, p<0.001. Significant absolute differences between the nicotine-exposed and PL group persisted at the outset of recovery, B=−11.81, t (1, 45)= −3.67, p<0.001, so time 5 HR was used as a covariate in recovery analyses. HR declined over the period of recovery (B=1040.75, t (1, 44)=4.44, p<0.001), but the groups did not differ in this phase.
Blood pressure We did not have an a-priori reason to expect differential effects on systolic vs. diastolic blood pressure, so we used mean arterial pressure (MAP; [systolic BP+2*diastolic BP]/3) for all analyses. The groups did not differ at baseline. During the administration phase, the MAP of the NIC group increased marginally, up to the level of the SM group, while the MAP of the PL group remained low ( Fig. 3 ; nicotine and delivery contrasts, B= −3.74, t (1, 48)=−1.85, p=0.07, and B=4.60, t (1, 48)= 1.93, p=0.06, respectively). This pattern persisted at time 2, with a marginal difference between the combined nicotine-exposed and PL group, B=−4.46, t (1, 48)= −1.84, p=0.07, but no difference between the SM and NIC group. Time 2 scores were thus used as covariates in the stress Fig. 1 Subjective PANAS ratings at each time point across the study, with standard error of the mean (SEM) error bars analysis. The TSST increased MAP to a similar extent in all three groups (MAP, B=10.07, t (1, 48)=6.34, p<0.001). MAP declined in a similar manner during recovery in all groups (B=−7.20, t (1, 48)=−6.79, p<0.001).
Hormonal
A positive skew in the cortisol data was adequately corrected by square root transformation. Data from one individual in the PL group were lost due to sample contamination. The groups did not differ at baseline. Over administration, the decline in cortisol levels was slightly steeper in the SM group compared to the other two groups (see Fig. 4 ; delivery contrast, B=0.14, t (1, 47)=2.16, p=0.04). Despite this, the groups did not differ immediately before stress. Cortisol levels declined across the stress period (B=−0.062, t (1, 47)=−2.42, p= 0.02) consistent with the delay in circulating cortisol levels after acute stress. The groups did not differ at the outset of the recovery period (time 5), but during the recovery period, the PL group had a significantly larger increase in cortisol compared to the nicotine-exposed groups (nicotine contrast, B=5.41, t (1, 47)=2.44, p=0.02). The NIC and SM groups did not differ during recovery.
Discussion and conclusions
The effects of withdrawal on acute stress varied across the outcome measures of subjective, cardiovascular, and hormonal effects. First, on the measure of subjective responses, stress increased NA to a similar extent in all three groups. Although the PL group scored unexpectedly lower on PA at baseline, this difference resolved prior to the stress procedure. On the cardiovascular measures, the NIC and PL groups exhibited the expected lower HR and marginally lower MAP after overnight abstinence, and the nicotine patch ameliorated these effects. All three groups exhibited the expected increases in HR and MAP after the TSST and this effect did not differ across the groups. On the HPA measure, the increase in cortisol was greater in the PL group than either of the nicotine-exposed groups. Thus, using a standardized social stress procedure that effectively and reliably elicits SAM and HPA responses, we found that nicotine withdrawal increased the HPA response, but not SAM or subjective response to stress. Congruent with our first prediction, the use of a very effective social stressor that strongly engages the HPA axis revealed differences in stress response between nicotineexposed and overnight-withdrawn groups. Further, nicotine replacement ameliorated these differences. The differences observed were specific to the functioning of the HPA axis, so our results may differ from the null results of previous studies utilizing social stress (al'Absi et al. 2003) , because our stressor is more effectively engaged in the HPA axis, making underlying differences in functioning visible. Regarding our second prediction that withdrawal would decrease stress response, the observed increase in cortisol response in the PL group would not appear to support this idea. However, increased cortisol response to stress during withdrawal in the absence of changes in other measures, is open to several interpretations. First, greater cortisol production could indicate greater reactivity stress. However, cortisol also provides negative feedback to the HPA axis, and thus, lower cortisol response in the NIC and SM groups might also indicate a dysregulated stress response with negative implications for coping. Indeed, smokers typically demonstrate a blunted cortisol response when compared to non-smokers (al'Absi et al. 2003) , and individual differences in cortisol response to stress during smoking withdrawal predict relapse, with blunted responses, predicting faster returns to smoking (al'Absi 2006) . Thus, the increased cortisol response in the PL group may be an indicator of rapid recovery in stress systems chronically dysregulated by nicotine. In this case, restoration of cortisol responses by the nicotine patch to the (typically blunted) levels seen during regular smoking may be an unfortunate side effect of nicotine replacement and a reason to pursue combination pharmacotherapy with bupropion, which, in other studies, restored stress responses during abstinence (Kotlyar et al. 2006) .
The study had several limitations. First, there were limitations to the manipulations of withdrawal. A small number of individuals were questionably compliant with the abstinence requirement, which may have attenuated group differences in withdrawal symptoms. Additionally, the measure of withdrawal queried participants about symptoms in the previous 18 h, and thus, included periods of time outside the 12-h abstinence period, which might further reduce our ability to discern differences in withdrawal. Future studies might consider using a more precise measure for assessing withdrawal symptoms at various points in the procedure to document the effectiveness of the withdrawal manipulations. The absence of withdrawalinduced negative affect may be an indicator that the abstinence duration was insufficient in our study to produce a full withdrawal syndrome. However, there was also evidence that our chosen time frames for both abstinence and smoking did effectively distinguish the nicotine exposed from the abstaining groups, in the form of clear cardiovascular withdrawal effects in the abstaining groups that persisted throughout the stress procedure for the PL group. Additionally, analyses run with and without potentially non-compliant individuals produced substantively similar results. A second limitation was the absence of nicotine plasma levels in the SM and NIC patch groups to verify that comparable nicotine levels were attained. However, the fact that the nicotine patch effectively ameliorated the cardiovascular effects of abstinence (NIC group) would suggest that the patch yielded the expected increase in nicotine concentrations. Another limitation of the study was the lack of a nonstress control session or nonsmoker control group. The inclusion of a within-subject nonstress session might increase the sensitivity of the procedure; however, the obvious immediate reactions to the TSST in subjective, cardiovascular measures, and cortisol levels argue that the effects observed are a result of the combined effects of stress and withdrawal, and not due to withdrawal alone. The sessions were conducted from 9:00 a.m. to 1:00 p.m., at a time when diurnal cortisol levels are expected to fall, not rise (Smyth et al. 1997) . Further, administration of nicotine would generally be expected to increase cortisol, not decrease it (Wilkins et al. 1982) . Inclusion of a non-smoking control group would help to determine whether withdrawal "normalizes" or exaggerates the effects of stress. Finally, our sample size Fig. 4 Raw values of salivary cortisol levels (nmol/L) at each time point across the study, with SEM error bars (Note: analyses were conducted on square root transformations of raw values to correct for positive skew) was modest, and replication of our results in a larger sample size would provide greater confidence in the robustness of our findings, as well as improved power to detect smaller differences in other response variables (i.e., cardiovascular or selfreport) that may not have been evident in the current study.
In future studies, it will be important to examine responses to stress and coping with stress over longer periods of abstinence and with other stress procedures. In our study, we used a single stressor scheduled very soon after initiation of abstinence. Because the cortisol response is of longer latency and duration than other stress responses, its effects on subjective emotional response, craving, or other relapse-related measures may not be manifested until the system is repeatedly stressed, or stressed over a prolonged period. In addition, future studies should explicitly examine gender differences and differences across the menstrual cycle in women, as both cortisol response and nicotine withdrawal symptoms differ systematically across the menstrual cycle (Allen et al. 2000; Kudielka and Kirschbaum 2005) . Thus, further controlled studies, with multiple stressors over longer time frames, should be combined with more naturalistic determinations of responses to acute stress during real quit attempts to elucidate the significance of this finding for relapse.
